antioxidant effect cardiovascular diseases lipid profile myocardial protection vasomotor tone a b s t r a c t Ginseng is widely used for its promising healing and restorative properties as well as for its possible tonic effect in traditional medicine. Nowadays, many studies focus on purified individual ginsenoside, an important constituent in ginseng, and study its specific mechanism of action instead of whole-plant extracts on cardiovascular diseases (CVDs). Of the various ginsenosides, purified ginsenosides such as Rb1, Rg1, Rg3, Rh1, Re, and Rd are the most frequently studied. Although there are many reports on the molecular mechanisms and medical applications of ginsenosides in the treatment of CVDs, many concerns exist in their application. This review discusses current works on the countless pharmacological functions and the potential benefits of ginseng in the area of CVDs. Results: Both in vitro and in vivo results indicate that ginseng has potentially positive effects on heart disease through its various properties including antioxidation, reduced platelet adhesion, vasomotor regulation, improving lipid profiles, and influencing various ion channels. To date, approximately 40 ginsenosides have been identified, and each has a different mechanism of action owing to the differences in chemical structure. This review aims to present comprehensive information on the traditional uses, phytochemistry, and pharmacology of ginseng, especially in the control of hypertension and cardiovascular function. In addition, the review also provides an insight into the opportunities for future research and development on the biological activities of ginseng.
Introduction
Cardiovascular disease (CVD) is the leading cause of death globally. According to the World Health Organization, CVD was responsible for 30% of all deaths in 2005. Although typically considered a disease of developed countries, its incidence is increasing in the developing world as well. CVD usually stems from vascular dysfunction, for example, as a result of atherosclerosis, thrombosis, or high blood pressure, which then compromises organ function. Most notably, the heart and brain can be affected, as in myocardial infarction and stroke, respectively. In the past few decades, major improvements have been made in treating some types of CVD. However, new treatment options are urgently needed for all types of CVD. Moreover, improving diagnosis is crucial, because by detecting the early stages of disease, the focus of therapy could be shifted from treatment to prevention [1] . CVD is the leading cause of morbidity and mortality in millions of people around the world, which include a variety of diseases such as peripheral vascular disease, coronary artery disease, heart failure, dyslipidemias, and hypertension [2] . People of all races, age, and gender suffer commonly from these diseases. Heart failure, myocardial rupture, or arrhythmia is a result of myocardial necrosis following infarction [3] . Myocardial infarction and sudden death continue to remain as one of the leading causes of morbidity and mortality in many countries, despite vast advances in the past five decades. In addition, risk factors such as cigarette smoking, elevated low-density lipoprotein cholesterol, low levels of highdensity lipoprotein cholesterol, diabetes mellitus, and hypertension are the primary causes of CVD [4] . Recent studies elucidate that vascular inflammation may also manifest in atherosclerosis and coronary artery disease [5] . Endothelial dysfunction has been stimulated by risk factors involved in CVD, such as expression of adhesion molecules by these dysfunctional endothelial cells, which promote the binding and influx of T cells and mast cells [6] . An inflammatory condition within the arterial wall is created by interleukins, cytokines, and reactive oxygen species (ROS) produced by white blood cells. Low-density lipoprotein is an atherogenic lipoprotein that accesses the subendothelial space and undergoes oxidative modification when trapped in the intercellular matrix [7] .
Panax ginseng is a traditional herbal medicine that has been used therapeutically for more than 2000 years. It is the most valuable of all medicinal plants, especially in Korea, China, and Japan. The name panax means "all healing," and has possibly stemmed from traditional belief that the various properties of ginseng can heal all aspects of the illness encountered by the human body (i.e., it acts as a panacea for the human body). Among the ginseng species, Korean ginseng (P. ginseng), Chinese ginseng (Panax notoginseng), and American ginseng (Panax quinquefolius) are the most common throughout the world. Numerous studies focus on the research of individual ginsenosides instead of using whole ginseng extract against various diseases [8e13] . Of the various ginsenosides, Rb1, Rg1, Rg3, Re, and Rd are the most frequently studied [13] .
This review describes the medicinal potentials of using ginseng and ginsenosides in the treatment of CVD. The review explores recent studies carried out to understand the mechanisms that lead to various diseases and discusses the implications of these advances for identifying new therapeutic targets and developing new therapeutic strategies, including the potential use of ginseng and its metabolite (i.e., ginsenosides) for treating CVD.
Efficacy of ginseng in improving circulation and antioxidant activity
Ginseng and ginsenosides have vasorelaxation, antioxidative, anti-inflammatory, and anticancer properties. In addition, ginsenosides have also shown to have an effect on the nervous system [14] . Moreover, ginseng has shown more benefit in individuals with diseases compared with healthy individuals [15e17]. In addition, a previous study supported its growing evidence for its indications in CVDs [12] . P. ginseng roots and extracts have been traditionally used by Koreans to renew the body and mind, and improve physical condition. Ginseng is also widely used in individuals with cardiovascular risk factors such as hypertension and hypercholesterolemia. Cardiac ischemia can cause myocardial injury that leads to the production of ROS, and in such cases, treatment with ginseng restores coronary blood flow to normal levels [18] . Alteration or loss of cellular function results in nonspecific damage to lipids, proteins, and DNA by ROS. The life span of animals bearing a tumor has gradually increased after ginseng treatment [19] . Oxidation-induced damage of erythrocyte membrane was reduced by ginsenosides Rg2 and Rh1 [20] , and the energy metabolism and protection of the mitochondria have been effectively regulated by polysaccharides from P. ginseng [21] . Facilitation of antioxidant effect through Nrf2 and levels of antioxidant enzymes such as superoxide dismutase and glutathione peroxidase were significantly increased by ginseng [22, 23] .
Ginsenosides protect from myocardial reperfusion injury by increasing 6-keto-prostaglandin F1a production and decreasing lipid peroxidation [24] . Rabbit pulmonary endothelium was protected from ROS toxicity by ginsenosides [8] . In addition, ginseng prevented ROS toxicity by stimulating nitric oxide (NO) production. Endothelial dysfunction was induced by homocysteine and human immunodeficiency virus protease inhibitors; however, these were successfully blocked by ginsenoside Rb1 and other ginsenosides by inhibiting the production of ROS [25, 26] . Ginsenoside Re is a potent antioxidant that protects cardiomyocytes against oxidant-mediated injury. Such protection is, at least in part, mediated by its radical scavenging properties, especially for H 2 O 2 and hydroxyl radicals. As a major constituent in ginseng extract, ginsenoside Re may play an important role in antioxidant actions to increase cardiomyocyte survival and contractile function during ischemia and reperfusion [27, 28] . These results suggest that ginsenoside Re functions as an antioxidant, protecting cardiomyocytes from oxidant injury induced by both exogenous and endogenous oxidants, and that its protective effects may be mostly attributed to scavenging H 2 O 2 and hydroxyl radicals.
Efficacy of ginseng in modulating vascular function
Interestingly, when glucose is attached to the 20th carbon of dammarane triterpene, such as ginsenosides Re, Rd, and R1, the ginsenosides acted as an antioxidant. By contrast, if no sugar moieties were attached to the 20th carbon of the ginsenosides such as Rg3, Rh2, and Rg2, the ginsenosides acted as a prooxidant. In ginsenosides such as Rh1, glucose is attached to the sixth carbon instead of the 20th, and in this case, the ginsenoside acts as an antioxidant only [29] . All these aggregated reports revealed that the prevention of ROS generation by ginseng may be an important milestone in the prevention of oxidative damage. Ginsenoside Rb1 has protective effects on human umbilical vein endothelial cells in vitro [30] . Water extract of Korean red ginseng stimulates angiogenesis by activating the phosphoinositol-3-kinase (PI3K)/Aktdependent extracellular signal-regulated kinase 1/2 and endothelial nitric oxide synthase (eNOS) pathways in human umbilical vein endothelial cells [31] . Angiomodulatory and neurological effects are also shown by ginsenosides [32] . One study shows that potassium channels of vascular smooth muscle cells have been activated by ginsensoside Re through the PI3K/Akt and NO pathways [33] . Another study shows that ginsenoside Re has nongenomic effects in endothelial cells through the glucocorticoid receptor (GR) [34] . Capillary morphogenesis was attenuated by ginsenoside Rb1 [35] . Another in vitro study revealed the enhancement of vascular endothelial cell proliferation and migration by extracts of P. ginseng and P. notoginseng [36] . Saponin from P. notoginseng shows angiogenic effects on both human umbilical vein endothelial cells and in zebrafish models [37] . It is also reported that atherosclerotic lesions in apolipoprotein E (ApoE)-deficient mice and tumor necrosis factor-alpha-induced endothelial adhesion molecule expression have been reduced by P. notoginseng [38] . Production of NO was increased by ginsenoside Rg3 by increasing phosphorylation and expression of eNOS [39] . In human umbilical vein endothelial cells, fibroblast growth factor-induced angiogenesis was inhibited by compound K through the modulation of p38 mitogen-activated protein kinase (PK) and Akt [40] . The aforementioned reports propose that the saponin extracted from ginseng protects vascular endothelial cells through the NO-, Akt-, and GR-mediated signaling pathways. Effects of ginseng and ginsenosides have been sufficiently studied on the cardiovascular system. Through the production and release of NO, endothelium regulates blood vessel tone [41e43]. Production of NO has been stimulated by ginsenosides by a number of ways. It is reported that NO production in human aortic endothelial cells was induced by purified ginsenoside Rb1 [44] . Ginsenoside stimulates NO release in human umbilical vein endothelial cells by phosphorylation of GR, PI3K, Akt/PKB, and eNOS [45] . In isolated canine corpus cavernosum model, ginsenoside Rg3 induced vasodilation [46] , which shows that arterial stiffness has been improved by Korean red ginseng and ginsenosides [47] .
Efficacy of ginseng in adjusting vasomotor functions
Vascular smooth muscle dysfunction and the inhibition of angiotensin II-induced proliferation were stimulated by ginsenoside Rg3 [48, 49] . In addition, Korean red ginseng improves arterial stiffness in hypertension [50] . Overall, these results show the improvement in vasomotor function by ginseng. It has initially been thought that ginseng may increase blood pressure to harmful levels. However, previous studies have shown that ginseng cures patients with low blood pressure, restoring it to normal levels. In addition, ginseng also reduces blood pressure in patients with high blood pressure [51] . The blood pressure lowering activity of Korean ginseng is attributed to the production of vascular endothelial cell-derived NO [52] . Recent studies have shown that ginseng has biochemical and pharmacological activities beneficial for blood pressure control, where lower doses have greater antihypertensive effects than higher doses [53] , and improve blood circulation through vasodilation [52] . The antihypertensive effect of ginseng is mediated by the inhibition of myogenic responses on the blood vessels [54] . In addition, ginseng protects against tissue damage and is also a novel therapy for heart failure [55] .
Efficacy of ginseng in improving cardiac functions
Saponins from P. notoginseng protected the heart against doxorubicin-induced cardiotoxicity [56] and blocked the cardiac hypertrophy induced by monocrotaline in rats [57] . Left ventricular hypertrophy produced by aortic coarctation was protected by ginsenoside Rg1 through NO functions [58] . Electromechanical alternans was suppressed by ginsenoside Re in cardiomyocytes [59] , and myocardial infarction after ischemia and reperfusion was preconditionally protected by ginsenoside Rb1 [60] . Another study showed that ginsenoside Rg1 inhibits left ventricular hypertrophy [61] . P. ginseng also suppresses apoptosis in neonatal cardiocytes by modulating Bcl-2 and caspase-3 activities during hypoxia and reperfusion [62] . Furthermore, cardiomyocytes have been protected by ginsenoside Rg1 from oxidative injury through antioxidation and intracellular calcium modulation [63] . Total saponin, panaxadiol, and panaxatriol from ginseng have been able to protect cardiomyocytes from ischemia and reperfusion injuries [64] . Cardiac injury in diabetes induced by streptozotocin has been prevented by ginsenoside Rb1 [65] and unfavorable postmyocardial remodeling was reduced by ginseng [66] . Some studies suggest that cardiac hypertrophy and heart failure are prevented by ginseng through Nhe-1 modulation and reduction of calcineurin activation [67] . Recent studies also show that cardiac protection by NO was facilitated by compound K through the Akt/PI3K pathway [68] . Acute cardiac injury from ischemia and reperfusion has been protected through the GR and estrogen receptor-activated risk pathway by the eNOS-dependent mechanism in rats [69] . Thus, these studies suggest that ginseng preserves heart function after myocardial tissue deterioration.
Efficacy of ginseng in inhibiting platelet aggregation
Increasing evidence proves the ability of ginseng to inhibit platelet aggregation. The red ginseng has a direct inhibitory effect on platelet aggregation in in vivo antithrombotic and ex vivo antiplatelet models, and this could correlate with its ability to increase NO production. It has been reported that the saponin fraction of Korean red ginseng enhances the formation of citrulline from exogenously added arginine, which activates NOS, and purified ginsenosides from ginseng enhanced the release of NO from endothelial cells of the rat aorta. Korean red ginseng also shows a significant protective effect on arterial thrombosis in vivo, which may be due to antiplatelet activity rather than anticoagulation activity, and this result suggests that red ginseng intake may be beneficial for individuals with high risks of thrombosis and CVDs [70e72]. Dihydroginsenoside Rg3 potently inhibited platelet aggregation through the modulation of downstream signaling components such as cyclic adenosine monophosphate and extracellular signal-regulated kinase 2 [73] . Protopanaxadiol or protopanaxatriol-type ginsenosides have a complicated effect on hemin-induced hemolysis, which depends on the interaction between the sugar moieties at different positions [74] .
Post-treatment with P. notoginseng significantly reduced the lipopolysaccharide-mediated microcirculatory disturbance by inhibiting adherence of leukocytes to the venular wall, degranulation of mast cells, and the release of cytokines [75] . A total of seven ginsenosides, namely Rg6, F4, Rk3, Rh4, Rs3, Rs4, and Rs5, isolated from processed ginseng were evaluated for their effects on platelet aggregation induced by adenosine diphosphate (ADP), collagen, arachidonic acid, and U46619 (thromboxane A2 mimetic drug). The acetylated ginsenosides such as Rs3, Rs4, and Rs5 only had mild effects on aggregation induced by four stimulators. Some of the ginsenosides including Rg6, F4, Rh4, Rs3, and Rs5 showed negligible effects on ADP and collageninduced platelet aggregation [76] . There are some synergistic interactions between Korean red ginseng and warfarin in patients with cardiac valve replacement. Korean red ginseng could be used with close monitoring and under appropriate instruction in patients who take warfarin during cardiac valve replacement. Because such patients could take higher amounts of Korean red ginseng along with warfarin, this combination can also be applied in cardiac valve treatment [77] . Coronary perfusion flow of isolated heart can be increased by total ginsenosides, which also protected heart tissues from ischemia/ reperfusion injury. This effect of total ginsenosides is mediated by activation of PI3K/Akt-eNOS signaling and NO production [78] . These results suggest that ginseng has a potent antithrombotic effect in vivo, which may be due to the antiplatelet activity rather than the anticoagulation activity, and that ginseng intake may be beneficial for individuals with high risks of thrombosis and CVDs.
Efficacy of ginseng in adjusting lipid profile
Patients with myocardial ischemia showed an improvement in coronary flow following treatment with red ginseng extract [79] . Thus, this result shows that blood circulation was significantly improved by the anticoagulant properties of ginseng. It is wellknown that the hypolipidemic and hypoglycemic effects of red ginseng were dramatically increased by the bifidus fermentation process [80] . Although hypercholesterolemia increases platelet aggregation, using Korean red ginseng reduces the aggregation through the suppression of diacylglycerol liberation in a high-cholesterol diet [81] . Saponins from P. notoginseng decrease atherosclerosis by regulating the lipid with its anti-inflammatory effects [82] , and total Panax notoginsenosides was reported to inhibit atherosclerosis in ApoE-knockout mice [83] . In foam cells, cholesterol ester can be reduced by saponins from P. notoginseng by modulating the adenosine triphosphate-binding cassette transporter A1 [84] ; in addition, acidic polysaccharides from Korean red ginseng were also reported to possess antihyperlipidemic activity [85] . Atherosclerosis in ApoE-knockout mice was inhibited by the action of ginsenoside Rd [86] as well. These findings suggest the antihyperlipidemic effect of P. ginseng. -activated signaling pathways (Fig. 1) . Ginsenosides with sugar moieties attached only to the C-3 position of the steroid-like structure, equivalent to the sugar position in cardiac glycosides, have an inhibitory effect on Na þ /K þ eATPase activity. However, their inhibitory potency was significantly reduced when a monosaccharide was linked to the C-6 or C-20 position of the steroid-like structure; replacement of the monosaccharide with a disaccharide molecule at either position caused the disappearance of the inhibitory potency. Molecular modeling and docking confirmed that the difference in Na þ /K þ eATPase inhibitory potency among ginsenosides was due to the steric hindrance of sugar attachment at the C-6 and C-20 positions of the steroid-like structure. The cardiac therapeutic effects of ginseng and San Qi should be at least partly attributed to the effective inhibition of Na þ /K þ eATPase by their metabolized ginsenosides with sugar moieties attached only to the C-3 position of the steroid-like structure [89] .
Efficacy of ginseng in regulating

Concluding remarks
This review summarized current information about the efficacy of ginseng on major cardiovascular risk factors such as hypertension, cardiac disease, hyperlipidemia, oxidative stress, and ion regulation. Ginseng is a traditional herbal remedy whose antiquity stretches back to ancient times. The active constituent ginsenosides play a vital role in the medicinal effects of ginseng. Ginsenosides exhibit their vast range of activities on CVD through the inhibition of ROS production, stimulation of NO production, improvement in blood circulation, enhancement of vasomotor tone, and regulation of the lipid profile. However, the exact mechanisms of action of ginsenosides are still unidentified. In the future, each ginsenoside must be studied on its specific mechanism of action on CVD. The common use of ginseng as an herbal remedy requires strict investigations to assess both its efficacy and its safety.
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